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The diffraction phenomena of electron, neutron and large molecule have been researched by many
experiments, and these experiments are explained by many theoretical methods. In this paper, we
study the single-slit diffraction of neutron with a new approach of quantum mechanics and obtain
some meaning results.
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1. Introduction
The wave nature of particle was postulated by de Broglie in 1923 and this idea was explained by many
diffraction experiments. The matter-wave diffraction has become a large field of interest throughout the last
year, and it is extend to atom, more massive, complex objects, like large molecules I2, C60 and C70, which
were found in experiment123456789. In such experiments, the incoming atoms or molecules usually can be
described by plane wave which are associated quantum mechanical point particles. Classical optics with
its standard wave-theoretical methods and approximations, in particular those of Huygens and Kirchhoff,
has been successfully applied to classical optics and has yielded good agreement with many experiments.
However, matter-wave interference and diffraction are quantum phenomena, and its fully description need
quantum mechanical approach. In this work, we study the single-slit diffraction of neutron with quantum
mechanic approach. In the view of quantum mechanic, the neutron has the nature wave, and the wave is
described by wave function ψ(~r, t), which is calculated by Schro¨dinger wave equation. The wave function
ψ(~r, t) has statistical meaning, i.e., | ψ(~r, t) |2 is the position probability density. If we can obtain the
neutron wave function ψ(~r, t) behind the single-slit, and | ψ(~r, t) |2 direct proportion the intensity of the
neutron diffraction which distribute on display screen. In the single-slit diffraction of neutron, the neutron
wave function are different in three areas. In the incoming area, the neutron wave function is incoming plane
wave. In the single-slit area, the neutron wave function is calculated by the Schro¨dinger wave equation. In
the diffraction area, the neutron wave function can be obtained by the Kirchhoff’s law, and then we can
obtain the neutron diffraction intensity on the display screen.
The paper is organized as follows. In section 2 we study single-slit diffraction of neutron with quantum
mechanic method. Section 3 is numerical analysis, Section 4 is a summary of results and conclusion.
2. Quantum theory of neutron diffraction in single-slit














Figure1: single-slit geometry, a is the width and b is the length of the slit
The x axis is along with slit width and the y axis is along with slit length. In the following, we calculate
the neutron wave function in single-slit with Schrodinger equation. At a time t, we suppose the incoming
wave travel along the z axis.




where A is constant.
In the single-slit, the potential energy is
V (x, y, z) = 0 0 ≤ x ≤ a, 0 ≤ y ≤ b, 0 ≤ z ≤ c
= ∞ otherwise, (2)





























ψ(~r) = 0 (4)
with M(E) is particle mass(energy). In Eq. (4), the wave function ψ(x, y, z) satisfies boundary conditions
ψ(0, y, z) = ψ(a, y, z) = 0 (5)
ψ(x, 0, z) = ψ(x, b, z) = 0 (6)
The partial differential equation (4) is solved by the method of separation of variable. By writing



































+ λ3 = 0 (11)
where λ1, λ2and λ3are constants, and they satisfy
2ME
~2
= λ1 + λ2 + λ3 (12)
From Eq. (5) and (6), X(x) and Y (y) satisfy the boundary conditions
X(0) = X(a) = 0
Y (0) = Y (b) = 0 (13)
we can obtain the eigenfunction of X(x) and Y (y)
d2X
dx2
+ λ1X = 0
X(0) = 0




+ λ2Y = 0
Y (0) = 0
Y (b) = 0 (15)
Their eigenfunction and eigenvalues are
Xn(x) = An sin
nπ
a






Ym(y) = Bm sin
mπ
b





















































and the time-dependent particular solution of Eq. (3) is




The general solution of Eq. (4) is
ψ2(x, y, z, t) =
∑
mn
























The Eq. (21) is neutron wave function in single-slit. Since the wave functions are continuous at z = 0, we
have
ψ1(x, y, z, t) |z=0= ψ2(x, y, z, t) |z=0 (22)





























= 0 otherwise (24)
substituting Eq. (24) into (21) gives























The ψ2(x, y, z, t) is the neutron wave function in single-slit.
3. The wave function of neutron diffraction
In the following ,we calculate the wave function of neutron diffraction with the Kirchhoff’s law. It can be
calculated by the formula10




















, s0 is the area of the single-slit, the
−→r
′
is a point on the surface (z=c) of the single-slit,
the constant c is the single-slit’s thickness, the P is an arbitrary point in the diffraction space, the −→n is a



























Figure2: The diffraction area of single-slit

















































| ≪ R) (28)
substituting Eq. (27) and (28) into (26) gives












































































































and then the Eq. (29) is





























































we assume that the angle between
−→




2 − β), and so α(β) is the angle between−→
k2 and the surface of yz (xz), we have
k2x = k sinα, k2y = k sinβ, (32)
−→n ·
−→
k2 = k cos θ (33)
where θ is the angle between
−→
k2 and z axis, and the angles θ, α, β satisfy equation
cos2 θ + cos2(
π
2
− α) + cos2(
π
2
− β) = 1 (34)
substituting Eq. (32) - (34) into (31) gives






























































The Eq. (35) is diffraction wave function that neutron pass through the single-slit. From the wave function,
we can obtain the diffraction intensity I on the display screen, we have
I ∝ |ψ3(x, y, z, t)|
2. (36)
4. Numerical result
In this section we present our numerical calculation of diffraction intensity. The mail input parameters
are : M = 1.67× 10−27kg, R = 1m, A = 109, α = 0.01rad and the Planck constant ~ = 1.055× 10−34Js.
We can obtain the relation between β and intensity I. The FIG.1-FIG.6 is the relation between β and I
corresponding to the neutron energy E = 0.0001eV , 0.001eV , 0.01eV 0.1eV 1eV 10eV when a = λ, b = 100λ
and c = λ where λ = 2pi~√
2ME
is electronic wavelength. From FIG.1 to FIG.6, we find the relation between
maxima and energy, and it is shown in Table 1.
Table 1: The relation between energy E and diffraction maxima Im
Energy(E) 0.0001eV 0.001eV 0.01eV 0.1eV 1eV 10eV
Maxima(Im) 16416 1641.6 164.16 16.416 1.6416 0.16416
7
The Table 1 shows the diffraction maxima is inverse proportion to the neutron energy. The FIG.7-FIG.9 are
the relation between β and I corresponding to a = 3λ, 50λ and 100λ when E = 0.1eV , b = 100λ and c = λ,
we can find the diffraction stripes appear main maxima and minor maxima, and also we find the diffraction
become weaker when a = 100λ. The FIG.10 shown the effect of the slit length b on the diffraction strip,
and the b = 200λ, 150λ and 100λ correspond to the dashed, the dotted and the solid curves. The FIG.11
shows the effect of the slit thickness c on the diffraction strip, and the c = 0.01λ, 0.1λ and λ correspond to
the dashed, the dotted and the solid curves. We find when 0 ≤ c ≤ λ the slit’s thickness c have an effect
on the diffraction intensity, and c > λ the shape and intensity of diffraction stripe is unchanged any more.
This is a new quantum phenomenon since it doesn’t appear in classical theory. The new phenomenon can
be examined in the future experiment.
5. Conclusion
In conclusion, we research neutron diffraction phenomenon in single-slit with quantum mechanics method.
We give the relation between diffraction angle and diffraction intensity, and obtain diffraction pattern which
is similar with photon’s diffraction pattern in single-slit. We also find the thickness of single-slit have an
effect on the diffraction intensity, but it can not change the shape of diffraction stripe. We think the new
quantum phenomenon predicted in our work will be examined in the experiment.
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FIG. 1: The relation between β and I when E = 0.0001eV , a = λ , b = 100λ and c = λ.
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FIG. 2: The relation between β and I when E = 0.001eV , a = λ, b = 100λ and c = λ.
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FIG. 3: The relation between β and I when E = 0.01eV , a = λ, b = 100λ and c = λ.
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FIG. 5: The relation between β and I when E = 1eV , a = λ, b = 100λ and c = λ.
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FIG. 7: The relation between β and I when E = 0.1eV , a = 3λ, b = 100λ and c = λ.
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FIG. 9: The relation between β and I when E = 0.1eV , a = 100λ, b = 100λ and c = λ.
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FIG. 10: The relation between β and I when E = 0.1eV , a = λ, c = λ. The dashed ,the dotted and the solid curves










FIG. 11: The relation between β and I when E = 0.1eV , a = λ, b = 100λ. The dashed ,the dotted and the solid
curves correspond to c = 0.01λ, 0.1λ and λ.
